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ABSTRACT

Improved thin film transistors resistant to photo
induced current and having improved electrical contact
between electrodes and the source or drain regions are
provided. The thin film transistors formed in accor
dance with the invention are particularly well suited for
use in an active matrix substrate for a liquid crystal
display panel. The liquid crystal display panels include
an additional insulating layer formed between crossing
orthogonal source lines and gate lines to provide a
higher breakdown voltage between the source lines and
gate lines than at the gate insulating layer of the thin
film transistors.
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38 Claims, 6 Drawing Sheets
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5,365,079
THIN FILM TRANSISTOR AND DISPLAY DEVICE
NCLUDING SAME

This is a continuation of application Ser. No.

5

07/803,699, filed Dec. 4, 1992, abandoned, a continua

2
When a TFT is irradiated with light, carrier density
in the accumulation region is increased, due to the light.
The depletion layer at the PN junction is narrowed by
the increased carrier density. As a result, both ON cur
rent and OFF current are increased. The increase in

OFF current is significant. In fact, the increment of

tion of application Ser. No. 07/484,466, filed Feb. 22,
1990, abandoned, a continuation of application Ser. No.

leakage current caused by irradiating light is propor

07/285,292, filed Dec. 15, 1988, abandoned, a continua

environment is made, the more OFF current increases.

tion of application Ser. No. 07/894,432, filed Jul. 16,
1986, abandoned, a continuation of application Ser. No.

tional to the illuminance of light. Thus, the brighter the
O

06/489,986, filed Apr. 29, 1983, abandoned.
BACKGROUND OF THE INVENTION

This invention relates to thin film transistors, and

15

strate on which the TFTs are formed and a liquid crys

35

While the contrast and display characteristics of a liquid
crystal display device generally improve in bright light,
the same light simultaneously deteriorates the TFT
display performance, due to the increase in OFF cur
rent caused by light. Therefore, the TFT have this
disadvantage when used in a liquid crystal display de
vice as a switching element.
A TFT in a matrix display device has a three layer
electrode construction for connecting a drain electrode
and a driving electrode. This conventional construction
is not fully satisfactory as the metallic layer connecting
the drain and electrode can form an insulating oxide
such as, for example, aluminum oxide, when an alumi
num layer is used to couple the drain and the driving
electrode. As a result, unwanted variations in display
contrast are caused by the insulating effect of the oxide

more particularly to semiconductor thin film transistors
having reduced photo-induced current, improved elec
trical contact between a transparent electrode and the
source or drain region of the transistor, and reduced
shorting between a source line and a gate line in a ma 20
trix array, resulting in improved liquid crystal display
devices including the transistors.
The formation of a thin film transistor (hereinafter
referred to as TFT) on an insulating layer has applica 25
tions to many fields. TFTs can be used in thin active
matrix display panels formed on inexpensive insulating
substrates, three-dimensional integrated circuits having on the contact portions, thereby adversely affecting the
display characteristics.
an active element such as a transistor formed on a semi
conductor integrated circuit, inexpensive, high-perfor 30 After the matrix array is completed, a breakdown of
mance image sensors, high-density memory devices, insulation between lines tends to occur due to static
electricity or the like. When static electricity is applied
and the like.
Thin active matrix displays utilizing TFTs include an to a source line or gate line outside of the display area,
upper transparent substrate, a lower transparent sub poor insulation results at the intersection of orthogo
tal material sealed between the substrates. Liquid crys
tal driving electrodes are arranged in the matrix of
TFTs. An external selecting circuit selects some of the
liquid crystal driving elements and each associated liq
uid crystal driving electrode is excited to display the

into a source line. This leak occurs at the intersection of

desired letters, figures or pictures. When the TFTs are
formed on an inexpensive insulating substrate and a
transparent electrode of a material, such as indium ox
ide, tin oxide, indium-tin oxide, or the like is used as the

display driving electrode, a transparent-type display 45
panel is obtained.
Large-scale liquid crystal display devices utilizing
picture elements arranged in an active matrix are cur
rently attracting much attention. They are now being
used in a variety of applications, such as small-size per
sonal computers, hand-held televisions and the like. In

nally crossing lines. As a result of this poor insulation, a

data signal leaks into a gate line or a timing signal leaks

50

the gate line and source line, which is the so-called line
fault. As a result, the display by every picture element
connected to the line fault is affected adversely and the
display characteristics of the matrix array deteriorate
substantially.
The most general method for compensating for dete
riorated insulation is cutting off the source line or the
gate line around the poor insulating portion. In this
method, however, a line fault inevitably occurs as the
elements connected to the broken source line or the

broken gate line are in a non-lighting condition. In the
case where a matrix array is formed on a single crystal
line silicon substrate, static electricity can be avoided by
providing a diode or other resistance in the silicon sub
strate. On the other hand, in the case where a matrix
array including thin film transistors is formed on a glass
substrate, poor insulation is likely to occur, because it is
very difficult to provide a circuit for warding off the
invasion of static electricity. As a result, the production
yield of the matrix array is remarkably unsatisfactory
due to poor insulation. Accordingly, there exists a need
for improved thin matrix arrays and display devices,
including the active matrix arrays which have reduced

such display devices using picture elements arranged in
the matrix array, the use of switching elements for, in
particular, planar, large scale display devices is cur
rently being developed. When a TFT is used in an ac 55
tive matrix panel, each TFT controls application of the
voltage of the data signals to the liquid crystal material.
In order to obtain superior display performance, the
TFT must have the following characteristics.
(1) When the TFT is in the ON condition it must 60
supply sufficient current to charge the capacitor.
Improved display performance depends on the photo-induced current, improved electrode contact,
potential of the capacitor, which must be stored in particularly in the case of transparent driving electrodes
coupled to the drain by a metal which forms an insulat
a short period of time.
65
(2) When the TFT is in the OFF condition, it exhibits ing oxide film, and have improved insulation between
low current leakage. This is necessary as the the source line and gate line or the driving electrode,
charge in the capacitor must be held for a longer particularly in the case of TFT arrays formed on an
insulating substrate.
period of time than the writing period.

3
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SUMMARY OF THE INVENTION

Thin film display matrices of the invention include
thin film transistors formed on an insulating substrate, a
plurality of picture elements arranged in a matrix,
wherein the picture elements are composed of driving
electrodes for a liquid crystal, a capacitor for storing

5

data signals, a plurality of gate lines and a plurality of
source lines orthogonally arranged and connected to a
gate and a source of the transistor. The thin film transis 10
tor applies the data signal to the capacitor and the driv
ing electrode. One of the drain or gate electrodes of the
transistor is patterned to cover the channel region of the
transistor to reduce the generation of photo-induced
15
Current.
The picture element driving electrode in a transpar
ent display device is a transparent electrode which is
brought into direct contact with either the source re
gion or the drain region of the transistor. Direct contact
between the drain region and the transparent electrode
provides more stable display characteristics. An addi
tional insulating layer is disposed between overlying,
intersecting, orthogonal source lines and gate lines. The
breakdown voltage at the intersection is greater than
the breakdown voltage of the gate insulating layer of 25
the thin film transistor. Accordingly, static electricity
induced line faults, and accompanying disruption of
matrix pattern, are substantially reduced.
Accordingly, an object of the invention is to provide
30
an improved thin film transistor.
Another object of the invention is to provide an im
proved thin film transistor formed on an insulating sub
Strate.
A further object of the invention is to provide an
improved active matrix array utilizing the thin film 35
transistors as switching elements.
Still another object of the invention is to provide an
active matrix array utilizing thin film transistors with
improved electrical contact between the transistor drain
40
regions and the driving electrodes.
Still a further object of the invention is to provide a
thin film transistor having reduced photo-induced cur
ret.
Yet another object of the invention is to provide a
thin film transistor having reduced current leakage 45
when in the OFF condition.
Yet a further object of the invention is to provide an
improved liquid crystal display device having picture
elements arranged in a matrix utilizing thin film transis
tors formed on an insulating substrate as switching ele 50
ments.
A further object of the invention is an improved
liquid crystal display device having improved contact
between the drain regions of the TFTs and the driving
electrodes.

55

Another object of the invention is to provide im
proved liquid crystal display device including an active
matrix array formed on an insulating substrate having
improved insulation between intersecting elements of
60
the array.
A further object of the invention is to provide a pro
cess for forming an active matrix array utilizing thin
film transistors as switching elements with improved
electrical contact between the drain regions and the
65
driving electrodes.
Yet another object of the invention is to provide a
process for forming a liquid crystal display device in
cluding an active matrix array.

4.
Still other objects and advantages of the invention
will in part be obvious and will in part be apparent from
the specification.
The invention accordingly comprises an article of
manufacture possessing the features, properties, and the
relation of elements which will be exemplified in the
article hereinafter described, and the scope of the inven
tion will be indicated in the claims.
BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the invention, reference
is had to the following description taken in connection
with the accompanying drawings, in which:
FIG. 1a is a plan view of liquid crystal display ele
ments including thin film transistors in an active matrix
display panel;
FIG. 1b is a circuit diagram of a display element of
the array of FIG. 1a,
FIG. 2 is a sectional view of a thin film transistor

formed on an insulating substrate;
FIG. 3 is a graph illustrating the drain current and
gate voltage of a transistor of FIG. 2 under a light and
non-light condition;
FIG. 4 is a sectional view of a thin film transistor of

the invention including a patterned source electrode
covering the channel region;
FIG. 5 is a graph illustrating the drain current and
gate voltage of the transistor of FIG. 4 under a light and
non-light condition;
FIG. 6 is a plan view of one liquid crystal display
element including a thin film transistor in an active
matrix array;

FIG. 7 is a sectional view of a thin film transistor

illustrating the contact between the drain region and a
transparent electrode of a display element;
FIG. 8 is a sectional view of a thin film transistor
illustrating the improved contact between the drain
region and the transparent electrode in accordance with
the embodiment of the invention;

FIG. 9 is a sectional view of an alternate embodiment

of FIG. 8, illustrating an additional contact with the
transparent electrode;
FIG. 10a is a plan view of a display element utilized
in a matrix array of the type illustrated in FIG. 1a,
FIG. 10b is a sectional view along line 10b of FIG.
10a

FIG. 11a is a sectional view of the same portion of a
display element as in FIG. 1b, illustrating the improved
insulation between the source line and gate line in ac
cordance with the invention;
FIG. 11b is a plan view showing the intersection
between the gate line and source line of FIG. 11a,

FIG.12a is a plan view of an alternate embodiment of
a display element corresponding to FIG. 10a; and
FIG. 12b is a sectional view along line 12b of FIG.
12a.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In general, an active matrix display panel which uti
lizes a TFT as a switching element includes an upper
transparent substrate, a lower transparent substrate on
which TFTs are formed and a liquid crystal material is
sealed between the substrates. Liquid crystal driving
elements associated with corresponding liquid crystal
driving electrodes are arranged in the matrix on the
TFT array. An external selecting circuit selects some of
the liquid crystal driving elements and each associated

5
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liquid crystal driving electrode is excited to display

in the array.
When a TFT is irradiated with light, the carrier den
sity in the accumulation region is increased, due to the

desired letters, figures or pictures.
FIGS. 1 a. and b illustrate in general liquid crystal
display elements utilizing TFTs as switching elements
in an active matrix display panel. FIG. 1a shows the

light. The depletion layer at the PN junction is nar
rowed by the increased carrier density. As a result, both

matrix-type arrangement of liquid crystal driving ele

ON current and OFF current are increased. The rate of

ments formed on a lower substrate on which the TFTs

are formed. A display region is surrounded by a bound
ary line 1 wherein a plurality of liquid crystal driving
elements 2 are arranged in matrix format. A data signal
line 3 and a timing signal line 4 are connected to each
liquid crystal driving element 2.

FIG. 1b represents a detailed construction of each
liquid crystal driving element 2. A liquid crystal cell 7
includes a liquid crystal driving electrode 7-1 corre
sponding to each liquid crystal driving element and has
an opposed electrode 7-2 formed on an upper substrate.
A TFT 5 controls the input of a data signal to liquid
crystal cell 7. A capacitor 6 is used for storing the data
signals and it is not required if the capacitance of the
liquid crystal material is large enough.
When a TFT is used as a switching element in an
active matrix panel, it selects the data signal to be ap
plied to the liquid crystal material. The TFT controls
the application of data signal voltage to the liquid crys
tal. In order to obtain high display performance, a TFT
is required to have the following characteristics:

(1) When the TFT is ON, it permits enough current

6

OFF current between the source and drain of the TFTs

10

15

increase of OFF current is surprisingly large. In fact, as
the rate of increase in leakage current is in proportion to
the illuminance of the light, the brighter that the envi
ronment is made the greater the increase in OFF cur
rent. Therefore, it is disadvantageous to use a TFT in a
liquid crystal display device as a switching element.
While a liquid crystal display device generally takes
advantage of bright light for improved contrast and

superior display-characteristic, the same light simulta

neously deteriorates the performance of the TFT, due
to the OFF current caused by light.
FIG. 2 is a cross-sectional view illustrating the gen
20 eral structure of a conventional N-channel TFT formed

25

to flow to charge the associated capacitor; and 30
(2) When the TFT is OFF, it exhibits insignificant
current leakage.
Requirement (1) is a necessary characteristic of a
TFT with respect to the writing data applied to capaci
tor 6. The quality of liquid crystal display performance 35
depends in part upon the potential across capacitor 6.
The charge also has to be rapidly stored in capacitor 6.
Thus, the TFT should be able to supply enough current
to completely input the data signal into capacitor 6 in a
very short time. The amount of current for data writing
(hereinafter referred to as ON current) is determined in
compliance with the capacitance of the capacitor and
the time necessary for writing the data. Accordingly, a
TFT should be formed so as to supply enough ON

on an insulating transparent substrate 8, such as glass or
quartz. A semiconductor thin film 9, such as polycrys
talline silicon, is formed on substrate 8. A gate insulating
film 12 is formed on thin film 9. A source region 10 is
formed by doping impurities such as phosphorous, ar
senic, or the like, into thin film 9. A drain region 11 is
formed in the same manner as source region 10. A gate
electrode 13 is formed on film 12. An insulating layer 14
is disposed on gate 13 and film 12, except where a
source electrode 15 and a drain electrode 16 are formed
through insulating layer 14.
FIG. 3 is a graph illustrating characteristics of a TFT
of the construction of FIG. 2 and is based on experimen
tal values. The abscissa represents the gate voltage to
the source (VGS) and the ordinate represents the drain
current DS. Drain voltage to source (VDS) and the
ordinate represents drain current IDS. Drain voltage to
source (VDS) is constant, at 4V. A solid line “A” shows

drain current when there is no illumination (dark cur
rent) and a broken line “B” shows drain current under
illumination of 10,000 luxes. As seen from FIG. 3, the

ON current increases slightly when the TFT is irradi
ated, but the OFF current increases significantly. As a
result,
the margin of the ON current to the OFF current
current in accordance with the characteristics of the 45 ratio becomes too narrow to provide the superior char
capacitor. The amount of ON current flowing from a acteristics required of a transistor in a matrix display.
TFT depends on many factors, such as, e.g. the struc
In view of this it is a significant object of this inven
ture, manufacturing process and size of the TFT (chan tion to provide an improved structure for a TFT
nellength and/or channel width), the voltage applied to wherein the photo-induced current is reduced and a
the gate or drain, etc.
50 matrix display is improved. In a TFT including a thin
Requirement (2) is a necessary characteristic of a film semiconductor, having a source electrode, a drain
TFT relating to holding written data in a capacitor for electrode, a gate electrode, and corresponding source
a long time. In general, data written into a capacitor and drain regions, the channel region between the
should be maintained there for a longer period of time source and drain regions is protected from light by
than that of the writing of that data. The capacitance of 55 enlarging the source electrode and/or the drain elec
a capacitor is usually as small as approximately pF. trode. These structures are described in detail, with
Therefore, the amount of charge stored in the capacitor reference to FIG. 4.
is small and is easily affected by a small amount of leak
The reference numerals correspond to those of FIG.
age current flowing between source and drain. In other 2.
words, if a leakage current occurs when a TFT is OFF 60 As shown in FIG.4, channel region 9 between source
(hereinafter referred to as OFF current), the potential at region 10 and drain region 11 is completely shielded
a drain where a capacitor is coupled to a TFT becomes from light because it is covered by an extended source
close to the potential at the source. As a result, data electrode 15'. Source electrode 15 is extended over
written into the capacitor is not retained and the voltage insulating layer 14 to overlap channel 9 in plan view to
drops to the voltage level of the data signal line. As a 65 block incident light from reaching channel 9. Source
result, the signal in the capacitor cannot be properly electrode 15 and drain electrode 16 are made of, e.g.
retained in the capacitor, and image sharpness is lost. aluminum. A space 17 occurs between electrodes 15
Thus, it is a significant object of the invention to reduce and 16through which light radiates. The width of space

5,365,079

8
The transistor of FIG. 7 has a three-layer electrode
construction wherein metallic layer 207b interconnects
drain region 205b and a transparent driving electrode

7
17 is determined by the limitation of the patterning
technique, and should be as narrow as possible. Never
theless, light introduced through space 17 generates
carriers mainly in drain region 11. This has no influence
upon and would not increase the photo-induced cur
rent, because the density of doped impurity is so high
that the generated carriers can not exist for a long time
and the mobility of the carriers is very poor. Accord

ingly, the structure as shown in FIG. 4 substantially
reduces the generation of photo-induced current. The
invention can also be practiced by covering channel

210, made of indium tin oxide or the like material. How
ever, this conventional construction has disadvanta

10

region 9 with a prolonged drain electrode rather than

source electrode 15'.
This construction in accordance with the invention is

advantageous as either source region 10 or drain region 15
11 is simultaneously covered by an electrode which
covers channel region 9 and light irradiates only the
other region. Therefore, the photo-induced current is
further reduced as compared to the case in which only
the channel region is covered by a mask which inter 20
rupts the introduction of light. Moreover, TFTs can be
manufactured in power accordance with the invention
without any special processing techniques. For in
stance, they can be manufactured by conventional pro
cesses which only require changing the pattern for the 25
source electrode or drain electrode.
FIG. 5 is a graph illustrating characteristics of a tran
sistor of the type shown in FIG. 4 and is based on exper
imental results. The abscissa and ordinate parameters

are the same as in FIG. 3. A solid line C shows drain 30

35

induced from the space between the source electrode
FIG. 6 is an enlarged plan view of a liquid crystal
display element including a TFT in an active matrix
display panel of the type shown in FIG. 1a wherein the
TFTs are formed on the lower substrate. Each display
element includes a polycrystalline silicon layer 102. A
timing signal line 104 is formed for each row of liquid 45
crystal display elements 2 of FIG. 1 and is the scanning
gate electrode portion. A data signal line 103 for each
column of liquid crystal driving elements, is a signal
electrode portion. Signal electrode 103 is brought into
contact with polycrystalline silicon layer 102 at a 50
contact portion 108. A display electrode 110 is con
nected to polycrystalline silicon layer 102 at a contact
portion 109. In a transparent type liquid crystal display
and the drain electrode.

panel, display electrode 110 is transparent. Thus, trans

parent display electrode 110 should be connected to a
drain electrode in polycrystalline silicon layer 102.
A conventional TFT connected to a transparent elec
trode is described with reference to FIG. 7. A thin film
layer 202 made of polycrystalline silicon, amorphous

55

silicon, cadmium selenide, or the like is formed on an

60

substrate 201. Metal layers 207a and 207b are formed in

contact holes in insulating film 206 for interconnection
to source and drain regions 205a and 205b.

struction with stable and excellent contact characteris

tics is described, by way of illustration with reference to
FIGS. 8 and 9.

In FIG. 8, a polycrystalline silicon layer 302 is
formed on a transparent insulating substrate 301 and
patterned to a predetermined configuration. Then, a
gate insulating layer 303 is formed on polycrystalline
silicon layer 302 and a gate electrode 304 is manufac
tured thereon. N-type impurities are doped into poly
crystalline silicon layer 302 by ion implantation utilizing
gate electrode 304 as a mask to form diffused regions
which serve as a source region 305a and a drain region

tively, by photo-etching. Then, a transparent electrode

FIG. 5, the generated photo-induced current is very

insulating substrate 201. An insulating layer 203 is
formed on layer 202. A gate electrode 204 is formed on
insulating layer 203. A source region 205a and drain
region 205b are formed by doping impurities into thin
film layer 202. An insulating film 206 is formed across

electrode is connected to a drain electrode formed in a

polycrystalline silicon layer. Such an improved con

305b of the transistor. After an insulating layer 306 is
formed thereon, contact holes 308 and 309 are formed
in source region 305a and drain region 305b, respec

current without light (i.e. dark current) and a broken
line D shows drain current under light of 10,000 luxes.
Line C corresponds to line A of FIG. 3. As shown in

small. The amount of OFF current increases only about
1 PA under an intensive light of 10,000 luxes. This small
increment in OFF current is inevitably caused by a light

geous contact characteristics. For example, if metallic
layer 207b is made of aluminum, conductivity will de
crease due to an aluminum oxide (Al2O3) layer formed
between the aluminum and transparent electrode 210.
As a result, variations in display contrast are caused by
the insulation which reduces the conductivity between
electrode 210 and metallic layer 207b. This variation
adversely affects display characteristics.
In view of this, it is also a principal object of the
invention to improve the construction of a transparent
type liquid crystal display device wherein a transparent

65

310 made of indium tin oxide or the like is formed and

patterned as the driving electrode.
At this time transparent electrode 310 is brought into
contact directly with drain region 305b. A signal elec
trode layer 307 made of aluminum or the like material is
then formed for interconnection with source region

305a. Thus, direct contact between drain region 305b
and transparent electrode 310 provides stable and favor
able contact characteristics. An additional advantage is
that a large contact hole can be provided and the size of
driving electrode 310 can be increased because opaque
metal such as aluminum is not present at contact hole
309 on the side of drain region 305b. Consequently,
stable and excellent contact characteristics can be pro
vided as a result of the direct contact between the drain
region in a polycrystalline silicon layer and the trans
parent driving electrode.
FIG. 9 shows another embodiment of this invention

with like reference numerals as used in FIG. 8, (e.g.
307-407) and is manufactured in the same manner as the
transistor of FIG. 8. In the last step of manufacture of
the electrode layers, a metallic layer 411, for intercon
nection of aluminum and the like, is provided to cover
contact hole 409 between drain region 405b and trans
parent electrode 410. In accordance with this embodi
ment, even if the coverage of transparent driving elec
trode 410 is poor at contact hole 409, conductivity to
driving electrode 410 is never cut off because of metal
lic layer 411 in contact hole 409 which serves as a con

ductor. Thus, in a transparent type liquid crystal display
device utilizing transistors of the type illustrated in
FIGS. 8 and 9, display contrast can be free from varia
tions caused by poor contact characteristics between
the drain region and the driving electrode.

5,365,079
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Accordingly, this embodiment of the invention also
provides an improved TFT for a transparent type liquid
crystal display device having stable, improved contact

parent electrode. In the embodiments of FIGS. 8 and 9
described herein, which are presented by way of exam

10
quently, in this case, the silicon oxide layer should be
about 1,000 angstroms in thickness. Even when utilizing
silicon nitride having a greater dielectric constant, the
thickness of the insulating layer should be limited to
1000 to 2000 angstroms.
Gate insulating layer 513 of transistor 516 usually has

substrate has been utilized. However, this invention can

a thickness of at least about 1,000 to 2,000 angstrons.
When the breakdown voltage of a transistor is high, the

characteristics between a drain electrode and a trans

ple only, an N-type polycrystalline silicon layer on the

be applied to other cases, such as a P-type polycrystal
line layer. Additionally, in the embodiments described
herein, contact between a drain region and a transparent
electrode has been described. It is contemplated within
the invention that a source region can also be in contact
with a transparent electrode.
When a matrix array including thin film transistors is
formed on a transparent insulating substrate, such as a

glass substrate, it is very difficult to provide a circuit to
prevent static electricity from affecting the matrix. As a
result, the production yield of usable matrix arrays is
reduced substantially because of poor insulation be
tween crossing conductive elements.
FIG. 10a is a detailed plan view of a picture element
in a display device of the type illustrated in FIG. 1a.

gate insulating layer is required to have a thickness of

10

15

mally formed silicon oxide while insulating layer 514 is

20

polycrystalline silicon layer 508, except where covered
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surface and contact holes are formed in the region of

source region 517 and drain region 518. A source line
510 and a picture element driving electrode 511 are then 40
formed on insulating layer 514.
In transistor 516, insulating layer 514, which insulates
source line 510 from gate line 509, is disposed between
driving electrodes 511 and capacitor electrode 512 of
the capacitor which holds the data signal. As the capac 45
itance of a capacitor is in inverse proportion to the
thickness of its insulating layer, insulating layer 514
should be relatively thin to provide high capacitance in
the capacitor. For example, in a case where one picture
element is a square of 1 millimeter in size, the area of a SO

capacitor is limited to 200 um, so as not to affect the

voltage between insulating layer 514 and gate insulating
layer 513, the breakdown voltage of gate insulating
layer 513 is twice as high as that of insulating layer 514,
when both layers are the same thickness. This result is
due to the fact that insulating layer 513 comprises ther
a layer of silicon oxide deposited by chemical vapor

FIG. 10b is a sectional view of the picture element of
FIG. 10a taken along line 10b. The picture elements 25
include a polycrystalline silicon layer 508 formed on a
glass substrate 515 with a gate insulating layer 53
formed by oxidizing the surface of polycrystalline layer
508. A second layer of polycrystalline silicon is formed
and photo-etched to form a pattern thereon, thereby 30
simultaneously forming a gate line and gate electrode
509 of a transistor 516, and one electrode of a capacitor
512. Impurities are then diffused into the region of first
with gate electrode 509, in order to form a source re
gion 517 and a drain region 518 of transistor 516. Subse
quently, an insulating layer 514 is formed over the entire

5,000 angstroms or more. In comparing the breakdown

brightness of the display. If an insulating layer formed
of silicon oxide has a thickness of 5,000 angstroms, the
capacitance of the capacitor is only about 2.5 picofarad.
In contrast, the capacitance of a liquid crystal in a pic 55
ture element must be about 9 picofarad when the thick
ness of the liquid crystal is 10 microns.
The capacitance of the capacitor in a display element
should be at least one, and preferably two to three
times, as great as that of the liquid crystal. To obtain this 60
condition, the thickness of the insulating layer should be
one-fifth to one-tenth of the liquid crystal, or the area of
the capacitor should be five times to ten times as great
as that of the liquid crystal. As the area of the capacitor
is limited to maintain minimum brightness of the display 65
panel, a reduction in thickness of the insulating layer is
the only way to make the capacitance of a capacitor
larger than that of the liquid crystal material. Conse

deposition. Thus, when the thickness of gate insulating
layer 513 and insulating layer 514 are between 1,000 and
2,000 angstroms, the breakdown voltage of insulating
layer 514 is necessarily lower than that of gate insulat
ing layer 513. As a result, static electricity inevitably
damages a gate line or a source line at the region where
the gate line and source line intersect.
Increasing the thickness of insulating layer 514, in
order to ward off the damage at the intersection of a
gate line and source line, causes the capacitance of the
capacitor to decrease to less than that of the liquid crys
tal material. In an effort to avoid this, in another em
bodiment in accordance with this invention, the break

down voltage of an insulating layer is higher at the
intersection between a gate line and source line that in
the capacitor, thereby preventing line fault damage
caused by static electricity, while maintaining suffi
ciently high capacitance of the capacitor.
FIG. 11a is a sectional view of a display picture ele
ment on a glass substrate 615, in accordance with this
embodiment of the invention.
FIG. 11b is a plan view showing an intersecting por
tion between a gate line 609 and a source line 610 of an
element in the matrix display. Corresponding elements
to the element of the embodiment illustrated in FIGS.

10a and 10b are designated by the same last digits in
their reference numerals.

In addition to the processing steps followed for form
ing the insulating layer 614-1 described with respect to
insulating layer 514 in FIG. 10b, a second silicon oxide
layer 614-2 is formed all over the surface of substrate
615. Then second silicon oxide layer 614-2 is removed
by photo-etching, except in a region where gate lines
609 and source lines 610 intersect as shown in FIG. 11b.

Subsequently, contact holes are provided in the area of
the source region and drain region of first silicon oxide
layer 614-1. Lastly source lines 610 are formed.
The thickness of first silicon oxide layer 614-1 is 1,000
angstrom or less, which should provide sufficient ca

pacitance in the capacitor. On the other hand, the thick
ness of second oxide layer 614-2 is 5,000 angstrom or
more in order to raise the breakdown voltage at the
intersect between gate line 609 and source line 610.
Thus, the construction according to this embodiment is
advantageous in that the breakdown voltage at an inter
section between a gate line and a source line is higher
than at the gate of the transistor while maintaining the
capacitance of the capacitor sufficiently large. Second
silicon oxide layers 614-2 may be formed first and
photo-etched before “first silicon oxide layer 614-1 is
formed.

11
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caused by static electricity can be limited to involve
only a picture element fault, not a line fault. Accord

When the first and second insulating layers are
formed of the same material, such as silicon oxide, the

ingly, production yields of matrix arrays are improved,
permitting economic mass production. In addition, ca
pacitance of the capacitor is increased to provide an
improved matrix array with respect to the charging
characteristics of a data signal. As a result, a display
characteristic of a display device utilizing such a matrix

thicker insulating layer which insulates gate line 609
from source line 610 is much more easily photo-etched
than thinner insulation layer 614-1. Further, when insu
lating layer 614-1 is formed first and second insulating
layer 614-2 is then formed thereon, it is preferable to
form the two layers of different materials, for example,

a first layer of silicon nitride and a second layer of sili
con oxide, because either of these layer may be alterna
tively photo-etched at the time of patterning.

10

FIGS. 12a and 12b illustrates another embodiment in

accordance with this aspect of the invention. FIG. 12a
is a plan view of a picture element of a display device of
the type illustrated in FIG. 1a and FIG. 12b is a sec 15
tional view taken along line 12b of FIG. 12a. As in the
display element illustrated in FIG. 11 like elements are
identified by the last two digits of the reference numer
als. A thermal oxide layer 713 is formed on the surface
of a thin silicon layer 708 and a second thin silicon layer 20
709 and 712 is formed and patterned. Impurities are
diffused into first silicon layer 708, except in the region
of 708 covered by silicon layer 709 to form a source
region 717 and a drain region 718. After forming first
insulating layer 714-1 and second insulating layer 714-2 25
subsequently, a portion of second insulating layer 714-2
in the region of capacitor electrode 712 is removed by
photo-etching, resulting in only first insulating layer
714-1 on silicon layer 712. Silicon layer 712 is one elec
trode of the capacitor for the picture element. Subse 30
quently, contact holes are formed in insulating layer
714-1 at source region 717 and drain region 718 of tran
sistor 716. Source line 710 and picture element driving
electrode 711 are then formed.

In this embodiment, when the thickness of first insu
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lating layer 714-1 is about 1,000 angstrom and that of
second insulating layer 714-2 is about 5,000 angstroms
or more, the breakdown voltage at the intersection
between a source line and a gate line will be higher than
that at a gate of the transistor. Furthermore, the capaci 40
tor for the picture element has sufficient capacitance. In
addition, according to the embodiment of FIGS. 12a
and 12b, the picture element can also be protected by
thick insulating layer 714-2, which results in improved
reliability. As indicated by broken line 719 about capac 45
itor electrode 712 in FIG. 12a, thick insulating layer
714-2 may substantially conform to or cover around the
capacitor. The larger the area of exclusion of insulator
714-2, the greater the capacitance of the capacitor. Insu
lating layers 714-1 and 714-2 are usually formed of sili 50
con oxide. Alternatively,they can be formed of silicon
nitride or aluminum oxide. In addition, the order of

forming the two insulating layers can be reversed, simi
lar to the embodiment of FIGS. 11a and 11b.

Further, the display area of driving electrode 711 can
be increased to cover gate line 709 and a part of transis
tor 716. Therefore, the quality of image brightness is
much improved. It is preferred to cover gate line 709
and a part of transistor 716 with a picture element driv
ing electrode 711 in a construction as in FIG. 12, be
cause thick insulating layer 714-2 contributes to diminu
tion of faults, such as shorts.

55

As described above, according to this invention, the
breakdown voltage at an intersection between a source
line and a gate line can be higher than that of a gate of 65
a transistor by forming an insulating layer thicker in the
region where the source line and the gate line intersect
than at other regions. The damage to a matrix array

array is improved.
In the embodiments described herein, a matrix array
wherein the capacitor electrode is independently pro
vided, has been described, but the invention is intended
to be applicable to a matrix array wherein one electrode
of the capacitor and the gate line of the adjacent picture

element thereof are in common. Thus, improved thin
film transistors and active matrix liquid crystal display
panels utilizing the transistors as switching elements
having reduced photo-induced current, improved elec
trode contact and increased resistance to static electric

ity are provided.
It will thus be seen that the objects set forth above,
among those made apparent from the preceding de
scription, are efficiently attained and, since certain
changes may be made in carrying out the above process,
in the described product, and in the constructions set

forth without departing from the spirit and scope of the
invention, it is intended that all matter contained in the
above description and shown in the accompanying
drawings shall be interpreted as illustrative and not in a
limiting sense.
It is also to be understood that the following claims
are intended to cover all of the generic and specific

features of the invention herein described and all state

ments of the scope of the invention which, as a matter of
language, might be said to fail therebetween.
What is claimed is:
1. A liquid crystal display device, comprising:
a pair of opposed and spaced apart insulating sub
strates;

a liquid crystal material in the space between the
substrates;
a plurality of substantially parallel source lines and a
plurality of substantially parallel gate lines orthog
onal to the source lines disposed on one substrate
and a cross-over insulator formed of two insulating
layers between the intersecting source and gate
lines, the intersecting source and gate lines and two
layer cross-over insulator therebetween forming a
cross-over capacitor having a cross-over capaci
tance;

a plurality of picture elements in a matrix array at the
intersections of the source and gate lines;
each picture element including a transparent liquid
crystal driving electrode and a switching element
coupled to the associated intersecting source and
gate lines and a gate insulating layer under the gate
line at the switching element; and
a display capacitor electrode formed on the substrate
and covered by the liquid crystal driving electrode
and a capacitive insulating layer between the dis
play capacitor electrode and the liquid crystal driv
ing electrode for forming a display capacitor hav
ing a display capacitance;
wherein the cross-over capacitance per unit area of
the two layer cross-over capacitor is less than the
display capacitance per unit area of said display
capacitor.
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2. The liquid crystal display device of claim 1,

wherein the total thickness of the insulating layers of

the cross-over capacitor is at least 5000 A.
3. The liquid crystal display device of claim 1,

wherein the thickness of the insulating layer of the

5

display capacitor is less than 5000 A.
4. The liquid crystal display device of claim 1,

wherein the total thickness of the insulating layers of
ness of the insulating layer of the display capacitor is 10

the cross-over capacitor is at least 5000 A and the thick
less than about 5000 A.

15

20

con dioxide.

wherein the thickness off the insulating layer of the

claim 1, wherein the thickness of said cross-over insula
tor at the intersection of the source and gate lines is

greater than the thickness of the insulator in any other
region of the picture element.
8. The liquid crystal display device of claim 1,
wherein at least a portion of said driving electrode is
disposed over at least a portion of one of said gate lines
and switching elements.
9. The liquid crystal display device of claim 1,
wherein at least one of said substrates is glass.

10. The liquid crystal display device of claim 1,
wherein each switching element includes a transistor
having a thin film semiconductor layer on one of said
substrates, said transistor including a channel region, a
source and a drain region spaced apart by said channel
region in said semiconductor layer, said gate insulating
layer on the surface of said semiconductor layer, a sec
ond semiconductor layer selectively patterned to form
the gate lines and a gate electrode of the transistor, a

oxide.

21. The liquid crystal display device of claim 19,
wherein the contact portion between said display elec
trode and one of said source region and drain region is
covered by a metallic layer.
22. The liquid crystal display device of claim 21,
wherein said metallic layer is aluminum.
23. The liquid crystal display device of claim 10,
wherein said first and second insulating layers are sili

5. The liquid crystal display device of claim 1,

display capacitor is about 1000 A or less.
6. A liquid crystal display device of claim 1, wherein
the switching element is a thin film transistor.
7. A liquid crystal display device as described in

14
18. The liquid crystal display device of claim 10,
wherein said insulating substrate is selected from one of
glass and quartz.
19. The liquid crystal display device of claim 10,
wherein the driving electrode is a transparent electrode
in contact with the drain region of the transistor.
20. The liquid crystal display device of claim 19,
wherein said transparent electrode is selected from the
group consisting of indium oxide, tin oxide or indium tin

24. The liquid crystal display device of claim 10,
wherein said first thin insulating layer is silicon nitride
disposed on the seniconductor layer and said second

thicker insulating layer is silicon dioxide disposed on the
25

30

silicon nitride layer.
25. The liquid crystal display device of claim 10,

wherein said gate insulating layer is a thermal oxide
layer.
26. A liquid crystal display device, comprising:
a pair of opposed and spaced apart insulating sub
strates;

a liquid crystal material in the space between the
Substrates;

35

a plurality of substantially parallel source lines and a
plurality of substantially parallel gate lines orthog
onal to the source lines disposed on one substrate
and a cross-over insulator formed of two insulating
layers between the intersecting lines, the intersect
ing lines and two layer insulator therebetween
forming a cross-over capacitor having a cross-over
capacitance;
a plurality of picture elements in a matrix array at the
intersections of the source and gate lines;
each picture element including a transparent liquid
crystal driving electrode and a switching element
coupled to the associated intersecting source and
gate lines and a gate insulating layer under the gate
line at the switching element; and
a display capacitor electrode formed on the substrate
and covered by the liquid crystal driving electrode
and a capacitive insulating layer between the dis
play capacitor electrode and the liquid crystal driv
ing electrodes for forming a display capacitor hav

first thin insulating layer formed across said one sub
strate, a second thicker insulating layer formed across
the surface and selectively removed except in the region
where the gate lines intersect the source lines, the driv
ing electrodes disposed in the first insulating layer and
the source lines disposed over the first and second insu
lating layers at the intersection with the gate lines.
11. The liquid crystal display device of claim 10,
wherein the first insulating layer at the intersection 45
comprises a material selected from the group consisting
of silicon oxide, silicon nitride and aluminum oxide.
12. The liquid crystal display device of claim 10,
wherein the first insulating layer is about 1000 ang
50
stroms thick.
13. The liquid crystal display device of claim 10,
wherein said second insulating layer is also disposed
over said first insulating layer on each transistor.
14. The liquid crystal display device of claim 13,
ing a display capacitance;
wherein the first insulating layer comprises a material 55 wherein
the thickness of the cross-over insulating
selected from the group consisting of silicon oxide,
layer of the cross-over capacitor is greater than the
silicon nitride and aluminum oxide and the second insu
capacitive insulating layer of the display capacitor
lating layer comprises another of said group.
so that the breakdown voltage of the cross-over
15. The liquid crystal display device of claim 14,
insulator of the cross-over capacitor is greater than
wherein said first insulating layer is about 1000 ang 60
the
breakdown voltage of the gate insulating layer
stroms thick and said second insulating layers about
and wherein the cross-over capacitance per unit
5000 angstroms thick.
area of the cross-over capacitor is less than the
16. The liquid crystal display device of claim 10,
display capacitance per unit area of said display
wherein said semiconductor thin film is selected from
capacitor.
65
the group consisting of polycrystalline silicon, amor
27. The liquid crystal display device of claim 26,
phous silicon and cadmium selenide.
17. The liquid crystal display device of claim 16, wherein the thickness of the cross-over insulating layers
wherein said thin film comprises polycrystalline silicon. of the cross-over capacitor is at least 5000 angstroms.

15
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28. The liquid crystal display device of claim 26,
wherein the thickness of the capacitor insulating layer
of the display capacitor is less than 5000 angstroms.
29. The liquid crystal display device of claim 26,
wherein the thickness of the cross-over insulating layers 5
of the cross-over capacitor is at least 5000 angstroms
and the thickness of the capacitive insulating layer of
the display capacitor is less than about 5000 angstroms.
30. The liquid crystal display device of claim 26,
wherein the thickness of the capacitive insulating layer 10
of the display capacitor is about 1000 angstroms.
31. The liquid crystal display device of claim 26,
wherein the switching element is a thin film transistor.
32. The liquid crystal display device of claim 26,
wherein the capacitive insulating layer extends into and 15
forms part of the cross-over insulator.
33. The liquid crystal display device of claim 26,
wherein the capacitance of the display capacitor is
20

25

35

40

45

55

60

16
greater than the capacitance of the liquid crystal mate
rial.

34. The liquid crystal display device of claim 27,
wherein the thickness of the capacitive insulating layer
of the display capacitor is about 1000 angstroms.
35. The liquid crystal display device of claim 29,
wherein the switching element is a thin film transistor.
36. The liquid crystal display device of claim 34,
wherein the switching element is a thin film transistor.

37. The liquid crystal display device of claim 29,
wherein the capacitance of the display capacitor is
greater than the capacitance of the liquid crystal mate
rial.

38. The liquid crystal display device of claim 31,
wherein the capacitance of the display capacitor is
greater than the capacitance of the liquid crystal mate
rial.
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